In-Rush Current Management 



Government Fundine 
[0001] The invention described herein was made with U.S. Government 

support under Grant Number LH01N1801N awarded by THAAD. The United 
States Government has certain rights in the invention. 

Field of the Invention 
[0002] The present invention relates to current management, and in 

particular to management of in-rush current. 

Background of the Invention 
[0003] Variations in current flowing to high voltage power conversion 

devices can have adverse affects on the power conversion devices. In some 
instances, if not well controlled, it can result in large in-rush currents. It is possible 
that devices coupled to the power conversion devices may be damaged if the in-rush 
current is not adequately controlled. Prior attempts to control the in-rush current 
involved analysis of transformer inductances and power wiring parasitic inductance. 
Piece-wise pulse width modulation was then used to limit the in-rush current below 
a set value. Given differences in power supply wiring, and other factors, it was 
difficult to select the proper modulation that would work for all devices. 

Summary of the Invention 
[0004] A duty cycle and period of clock stimulus signals of power 

conversion device are independently altered to handle in-rush current. In one 
embodiment, transient power supply turn on current observations coupled with 
changing of the duty cycle and period of clock stimulus (frequency) are used to 
select a duty cycle and frequency for the power conversion device. 
[0005] A programmable logic device is programmed with firmware in one 

embodiment to independently alter the duty cycle of the power conversion device. 
Optimization of the duty cycle and fi-equency occurs empirically at a higher level of 
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assembly, allowing adjustments that account for both parasitic and process induced 
variations and system configuration adjustments. Such adjustments include time 
line alterations in power sequencing. By observing the power supply in-rush current 
and modifying the duty cycle and frequency, the in-rush current is effectively 
handled without adverse affects to devices coupled to the power conversion device. 
In a further embodiment, simulation results are used to help in adjusting the duty 
cycle and frequency during their empirical determination. 

[0006] In further embodiments, in-rush current is measured during operation 

of the power conversion device, and the duty cycle and frequency are adjusted in 
real time in response to such measured current. A table of duty cycle and frequency 
values may be created and indexed by different currents. Such values may be 
continuously changed during an in-rush current, or at periodic time periods, 
[0007] In yet a further embodiment, when a power conversion device is 

powered up, the in-rush current is measured and used to adjust the duty cycle and 
frequency during subsequent power-ups. 



Brief Description of the Drawings 
[0008] FIG. 1 is a block diagram of a system for determining and setting a 

duty cycle and frequency of a power conversion device in response to power supply 
in-rush current according to an embodiment of the invention. 
[0009] FIG. 2 is a flowchart of the operation of the system of FIG. 1 

according to an embodiment of the invention. 

[0010] FIG. 3 is a flowchart of operation of a power conversion system 

according to an embodiment of the invention, 

[001 1] FIG. 4 is a flowchart of operation of an alterative power conversion 

system according to an embodiment of the invention. 



Detailed Description of the Invention 



[0012] In the following description, reference is made to the accompanying 

drawings that form a part hereof, and in which is shown by way of illustration 
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specific embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and 
that structural, logical and electrical changes may be made without departing from 
the scope of the present invention. The following description is, therefore, not to be 
taken in a limited sense, and the scope of the present invention is defined by the 
appended claims. 

[0013] The functions or algorithms described herein are implemented in 

software or a combination of software and human implemented procedures in one 
embodiment. The software comprises computer executable instructions stored on 
computer readable media such as memory or other type of storage devices. The 
term "computer readable media" is also used to represent carrier waves on which 
the software is transmitted. Further, such functions correspond to modules, which 
are soflvv^are, hardware, firmware or any combination thereof Multiple ftinctions 
are performed in one or more modules as desired, and the embodiments described 
are merely examples. The software is executed on a digital signal processor, ASIC, 
microprocessor, field programmable gate array (FPGA) or other type of processor 
operating on a computer system, such as a personal computer, server or other 
computer system. 

[0014] FIG. 1 is a block diagram of a system 100 for determining and 

setting a duty cycle and frequency of a power conversion device 105 in response to 
power supply in-rush current according to an embodiment of the invention. The 
power conversion device 105 comprises a power converter 110 that can be coupled 
to a load 115. 

[0015] A clock synthesis function 120 of the power conversion device is 

coupled to the power converter 115 and provides for manipulation of clock 
attributes of the power converter 115, including duty cycle and frequency. In one 
embodiment, this function is provided by a field programmable gate array (FPGA), 
but could be any re-programmable logic device. The device has non-volatile 
memory on board, and is also reprogrammable via an external cormector in one 
embodiment. 
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Load 115 may be one or more of load types, including linear and non-linear. In one 
embodiment, the load comprises a ring laser gyro including gas plasma elements. 
Such a load requires a high voltage for a short period of time. For some such loads, 
2500 to 3000 volts is required for a short period of time. This resulted in large in- 
rush currents in prior devices. This in-rush current is measured in one embodiment 
by a circuit 125. In one embodiment, a resistive shunt or inductive current probe 
with a wide bandwidth oscilloscope is used to measure the in-rush current. Other 
methods may also be employed to observe the transient tum on characteristics, such 
as current divided by power versus time. 

[0016] The tum on characteristics are provided to a decision block 1 30, 

which determines whether current settings for the clock attributes are optimized. In 
other words, it determines if the in-rush current is acceptable. If so, the clock 
attributes are adequate or optimized to minimize the in-rush current such that it is 
below a predetermined value. 

[0017] A corrective algorithm 135 is applied if the in-rush current is not 

optimized or acceptable as determined at 130. The corrective algorithm in one 
embodiment compares the actual measured in-rush current characteristics to 
simulation results or a goal. The duty cycle and/or the frequency is then set at 120. 
[0018] In one embodiment, the programmable logic device 120 such as a 

FPGA is loaded with firmware to independently alter the duty cycle and period of 
clock stimulus signals that feed the power converter 110 electronics. This provides 
for generation or alteration of a digital steering signal, thus allowing adjustments 
necessary to achieve transient current control optimization. This optimization can 
be performed empirically at a higher level of assembly to take into account parasitic 
/ process induced variations and system configuration adjustments. It can also take 
into account simulation results. 

[0019] The following algorithm describes an iterative approach that may be 

used in one embodiment. 
[0020] Algorithm: 
1 . Divide the input transient pulse width into four equal time segments. 
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2. Pick the same frequency for all time segments with a 50% of period pulse 
width. 

For the first time segment: 

3. Decrease the pulse width and generate the transient until the amplitude is less 
than required. 

4. Repeat 3 for the second through fourth time segments. 

[0021] The optimization allows adjustments that account for both parasitic 

and process induced variations and system configuration adjustments. System 
configuration adjustments can include time line alterations in power sequencing. It 
is accomplished by using re-programmable devices and a discriminant to optimize 
power supply in-rush current. In one embodiment, the in-rush current correction is 
applied during power-on. After power-on is complete, as evidenced by a steady 
state condition, PWM may be controlled within the power conversion system. 
[0022] FIG. 2 is a flowchart of the operation 200 of the system of FIG. 1 

according to an embodiment of the invention. At 210, the system is initialized with 
a nominal duty cycle and frequency. These parameters may be selected based on 
expected final values, or simulation results if desired. At 215, the power to the 
system is turned on, and the in-rush current characteristics are measured at 220. At 
225, the measured in-rush current is compared to a desired maximum value, and if 
acceptable, the duty cycle and frequency are correct at 230 and are stored to 
finalized, and the process ends at 235. 

[0023] If the in-rush current is not acceptable, such as by exceeding a 

predetermined value, or exhibits other undesired characteristics, a new duty cycle 
and frequency are selected at 240. This selection may be based on an algorithm to 
obtain a desired convergence of the parameters to achieve acceptable in-rush current 
characteristics, or may be based on simulation results. The amount of adjustment 
may also be based on a table of values corresponding to deltas to be applied to each 
parameter indexed by the amount the in-rush current exceeded a desired value, or 
any other type of algorithm desired. The actual algorithm will depend on many 
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different conditions, and may be different for each type of power conversion system 
and for different layouts. 

[0024] The new frequency and duty cycle for the power conversion system 

is then stored at 245 and the power supply is turned off at 250. After a wait period 
255, that allows for all transients to die off, and optionally for the system to be in a 
state similar to that for a cold start, the power is again turned on at 215, and the 
process is iteratively repeated until the in-rush current is acceptable at 225. 
[0025] FIG. 3 is a flowchart of operation 300 of a power conversion system 

according to an alternative embodiment of the invention. Li this operation of the 
power conversion system, the duty cycle and frequency are adjusted during power- 
on. At 310, the power supply is turned on. The duty cycle and frequency have been 
set prior to the power-on to prevent the beginning in-rush current from exceeding a 
desired value. At 320, the in-rush current is measured, and at 330, a new duty cycle 
and frequency are calculated based on the measured in-rush current. The new duty 
cycle and frequency parameters are modified if the in-rush current is approaching a 
predetermined value. This value is set below a maximum desired in-rush current to 
allow ensure that prior to the parameters being changed, the in-rush current does not 
exceed the maximum desired value. 

[0026] At 340, it is determined whether or not the power-on is complete. 

This may be based on the in-rush current decreasing below a predetermined 
minimum value, or may be based on time elapsed since power-on. Element 340 
may also include a time delay if desired to keep the parameters from being modified 
too frequently. If the power-on has not completed, the process returns to 340 to 
measure the in-rush current and modify the duty cycle and frequency at 330. The 
process is repeated until power-on has completed, and ends at 350. Upon ending, 
the duty cycle and frequency may be set to desired operational values. This can also 
occur at 330 when the in-rush current goes below a predetermined value. 
[0027] FIG. 4 is a flowchart of operation 400 of an alterative power 

conversion system according to an embodiment of the invention. In this 
embodiment, the power is turned on at 410, and the duty cycle and frequency 
parameters are loaded at 420. The in-rush current is then measured at 430, and new 
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duty cycle and frequency parameters are calculated if the in-rush current is not 
optimal. These new parameters are then stored at 450 for use during the next 
power-on. The process then ends at 460. 
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